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(57)  Adisplayapparatusincluding a substrate having
a display area and a peripheral area outside the display
area, a first pad disposed on afirst layer in the peripheral
area, a second pad disposed adjacently to the first pad
in a first direction in the peripheral area, the second pad
being disposed on a second layer different from the first
layer, a third pad disposed adjacently to the first pad in
a second direction in the peripheral area, the third pad
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being disposed on the second layer, a first connection
line disposed on the first layer and connected to the first
pad, a second connection line disposed on the second
layer and connected to the second pad, and a third con-
nection line disposed on the second layer, connected to
the third pad, and disposed between the first connection
line and the second connection line.
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Description
BACKGROUND
FIELD

[0001] Embodiments of the invention relate generally
to adisplay apparatus, and, more particularly, to a display
apparatus capable of displaying a high-resolution image
and having a reduced peripheral area.

DISCUSSION OF THE BACKGROUND

[0002] In general, a display apparatus includes a dis-
play areain which animage is displayed, and a peripheral
area. Electronic devices such as integrated circuits may
be located in the peripheral area to generate or transmit
electrical signals to the display area.

[0003] As the resolution ofimages displayed in the dis-
play area increases, the number of lines for transmitting
electrical signals to the display area increases, and the
number of pads that correspond to these lines and to
which bumps of electronic devices are connected also
increases.

[0004] However, as the number of pads and the
number of lines connected thereto increase, the area of
the peripheral area outside the display area is generally
increased.

[0005] The above information disclosed in this Back-
ground section is only for understanding of the back-
ground of the inventive concepts, and, therefore, it may
contain information that does not constitute prior art.

SUMMARY

[0006] Display apparatus constructed according to
embodiments of the invention are capable of displaying
a high-resolution image while having a reduced periph-
eral area.

[0007] Additionalfeatures ofthe inventive concepts will
be set forth in the description which follows, and in part
will be apparent from the description, or may be learned
by practice of the inventive concepts.

[0008] A display apparatus according to an embodi-
ment includes a substrate including a display area and
a peripheral area outside the display area, a first pad
disposed on a first layer in the peripheral area, a second
pad disposed adjacently to the first pad in a first direction
in the peripheral area, the second pad being disposed
on a second layer different from the first layer, a third pad
disposed adjacently to the first pad in a second direction
in the peripheral area, the third pad being disposed on
the second layer, a first connection line disposed on the
first layer and connected to the first pad, a second con-
nection line disposed on the second layer and connected
to the second pad, and a third connection line disposed
on the second layer, connected to the third pad, and dis-
posed between the first connection line and the second
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connection line.

[0009] The second layer may cover the first pad.
[0010] The first connection line and the first pad may
include the same layer structure, the second connection
line and the second pad may include the same layer
structure, and the third connection line and the third pad
may include the same layer structure.

[0011] The first, second, and third connection lines
may extend in a direction towards the display area.
[0012] Thefirstconnection line may be electrically con-
nectedto afirstdataline overthe display area, the second
connection line may be electrically connected to a second
data line over the display area, and the third connection
line may be electrically connected to a third data line over
the display area.

[0013] The third data line may be disposed between
the first data line and the second data line.

[0014] Thedisplay apparatus may furtherinclude afirst
test line disposed on the first layer and connected to the
first pad, a second test line disposed on the second layer
and connected to the second pad, and a third test line
disposed on the second layer, connected to the third pad,
and disposed between the first test line and the second
test line.

[0015] The second layer may cover the first test line.
[0016] The first test line and the first pad may include
the same layer structure, the second test line and the
second pad may include the same layer structure, and
the third test line and the third pad may include the same
layer structure.

[0017] Thefirst,second, andthird testlines may extend
in a direction away from the display area.

[0018] Each of the first, second, and third test lines
may be electrically connected to a corresponding test
transistor, respectively.

[0019] The display apparatus may further include
bridge lines electrically connecting the first, second, and
third test lines to corresponding test transistors, respec-
tively.

[0020] The bridge lines may be disposed on a third
layer covering the second test line and the third test line.
[0021] A distance between an edge of the first pad in
a direction to the second pad and an edge of the second
pad in a direction to the first pad may be about 10.5 pum
to about 22 pm.

[0022] A width of the first pad in a direction to the sec-
ond pad may be about 6 wm to about 25.5 pm.

[0023] A width of each of the first to third connection
lines may be about 2 pum to about 3 pum.

[0024] The display apparatus may further include a
third layer covering the second pad and the third pad, a
first auxiliary pad disposed on the third layer, overlapping
the first pad in a plan view, and electrically connected to
the first pad, a second auxiliary pad disposed on the third
layer, overlapping the second pad in a plan view, and
electrically connected to the second pad, and a third aux-
iliary pad disposed on the third layer, overlapping the
third pad in a plan view, and electrically connected to the
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third pad.

[0025] The firstauxiliary pad may overlap the third con-
nection line in a plan view.

[0026] A display apparatus according to another em-
bodiment includes a substrate including a display area
and a peripheral area outside the display area, a plurality
of pads disposed on a first layer in the peripheral area
and arranged substantially in parallel with each other in
a first direction, a plurality of auxiliary pads disposed on
a second layer different from the first layer in the periph-
eral area, arranged substantially in parallel with each oth-
er in the first direction, and interposed between the plu-
rality of pads, connection lines disposed on the first layer
and connected to the pads, and auxiliary connection lines
disposed on the second layer and connected to the aux-
iliary pads.

[0027] The pads and the auxiliary pads may be alter-
nately arranged in the first direction.

[0028] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the inventive
concepts.

FIG. 1 is a schematic plan view of a portion of a
display apparatus according to an embodiment of
the invention.

FIG. 2 is an enlarged plan view of portion A of FIG.
1 according to an embodiment of the invention.
FIG. 3 is a schematic cross-sectional view taken
along line llI-1ll of the display apparatus of FIG. 2
according to an embodiment of the invention.

FIG. 4 is a schematic cross-sectional view taken
along line IV-1V of the display apparatus of FIG. 2
according to an embodiment of the invention.

FIG. 5 is a schematic cross-sectional view of a por-
tion of a display area of FIG. 1 according to an em-
bodiment of the invention.

FIG. 6 is a schematic circuit diagram of a test circuit
located in a test circuit part of FIG. 1 according to an
embodiment of the invention.

FIG. 7 is a schematic plan view of a portion of the
testcircuit partof FIG. 1 according to an embodiment
of the invention.

FIG. 8 is a schematic cross-sectional view taken
along line VIII-VIII of the display apparatus of FIG. 7
according to an embodiment of the invention.

FIG. 9 is a schematic cross-sectional view taken
along line IX-IX of the display apparatus of FIG. 7
according to an embodiment of the invention.
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FIG. 10 is a schematic cross-sectional view taken
along line X-X of the display apparatus of FIG. 7 ac-
cording to an embodiment of the invention.

DETAILED DESCRIPTION

[0030] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various em-
bodiments or implementations of the invention. As used
herein "embodiments" and "implementations" are inter-
changeable words that are non-limiting examples of de-
vices or methods employing one or more of the inventive
concepts disclosed herein. It is apparent, however, that
various embodiments may be practiced without these
specific details or with one or more equivalent arrange-
ments. In other instances, well-known structures and de-
vices are shown in block diagram form in order to avoid
unnecessarily obscuring various embodiments. Further,
various embodiments may be different, but do not have
to be exclusive. For example, specific shapes, configu-
rations, and characteristics of an embodiment may be
used orimplemented in another embodiment without de-
parting from the inventive concepts.

[0031] Unless otherwise specified, the illustrated em-
bodiments are to be understood as providing features of
varying detail of some ways in which the inventive con-
cepts may be implemented in practice. Therefore, unless
otherwise specified, the features, components, modules,
layers, films, panels, regions, and/or aspects, etc. (here-
inafter individually or collectively referred to as "ele-
ments"), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged
without departing from the inventive concepts.

[0032] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacentelements. As such, neither
the presence nor the absence of cross-hatching or shad-
ing conveys or indicates any preference or requirement
for particular materials, material properties, dimensions,
proportions, commonalities between illustrated ele-
ments, and/or any other characteristic, attribute, proper-
ty, etc., of the elements, unless specified. Further, in the
accompanying drawings, the size and relative sizes of
elements may be exaggerated for clarity and/or descrip-
tive purposes. When an embodiment may be implement-
ed differently, a specific process order may be performed
differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order. Also, like reference nu-
merals denote like elements.

[0033] When an element, such as a layer, is referred
to as being "on," "connected to," or "coupled to" another
element or layer, it may be directly on, connected to, or
coupled to the other element or layer or intervening ele-
ments or layers may be present. When, however, an el-
ement or layer is referred to as being "directly on," "di-
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rectly connected to," or "directly coupled to" another el-
ement or layer, there are no intervening elements or lay-
ers present. To this end, the term "connected" may refer
to physical, electrical, and/or fluid connection, with or
without intervening elements. Further, the D1-axis, the
D2-axis, and the D3-axis are not limited to three axes of
a rectangular coordinate system, such as the x, y, and z
- axes, and may be interpreted in a broader sense. For
example, the D1-axis, the D2-axis, and the D3-axis may
be perpendicular to one another, or may represent dif-
ferent directions that are not perpendicular to one anoth-
er. For the purposes of this disclosure, "at least one of
X, Y, and Z" and "at least one selected from the group
consisting of X, Y, and Z" may be construed as X only,
Y only, Z only, or any combination of two or more of X,
Y, and Z, such as, for instance, XYZ, XYY, YZ, and ZZ.
As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed
items.

[0034] Although the terms "first," "second," etc. may
be used herein to describe various types of elements,
these elements should not be limited by these terms.
These terms are used to distinguish one element from
another element. Thus, a first element discussed below
could be termed a second element without departing from
the teachings of the disclosure.

[0035] Spatially relative terms, such as "beneath," "be-
low," "under," "lower," "above," "upper," "over," "higher,"
"side" (e.g., as in "sidewall"), and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one elements relationship to another element(s) as illus-
trated in the drawings. Spatially relative terms are intend-
ed to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements de-
scribed as "below" or "beneath" other elements or fea-
tures would then be oriented "above" the other elements
or features. Thus, the term "below" can encompass both
an orientation of above and below. Furthermore, the ap-
paratus may be otherwise oriented (e.g., rotated 90 de-
grees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.
[0036] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It is also
noted that, as used herein, the terms "substantially,"
"about," and other similar terms, are used as terms of
approximation and not as terms of degree, and, as such,
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are utilized to account for inherent deviations in meas-
ured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0037] Variousembodiments are described hereinwith
reference to sectional and/or exploded illustrations that
are schematic illustrations of idealized embodiments
and/or intermediate structures. As such, variations from
the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments disclosed herein should
not necessarily be construed as limited to the particular
illustrated shapes of regions, butare toinclude deviations
in shapes that result from, for instance, manufacturing.
In this manner, regions illustrated in the drawings may
be schematic in nature and the shapes of these regions
may not reflect actual shapes of regions of a device and,
as such, are not necessarily intended to be limiting.
[0038] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0039] FIG. 1 is a schematic plan view of a portion of
a display apparatus according to an embodiment, FIG.
2is an enlarged plan view of portion A of FIG. 1 according
to an embodiment, FIG. 3 is a schematic cross-sectional
view taken along line llI-Ill of the display apparatus of
FIG. 2 according to an embodiment, and FIG. 4 is a sche-
matic cross-sectional view taken along line IV-IV of the
display apparatus of FIG. 2 according to an embodiment.
FIG. 5 is a schematic cross-sectional view of a portion
of a display area of FIG. 1 according to an embodiment.
[0040] Referring to FIG. 1, the display apparatus ac-
cording to the illustrated embodiment has a display area
DA in which a plurality of pixels are located, and a pe-
ripheral area PA located outside the display area DA. A
substrate 100 included in the display apparatus has the
display area DA and the peripheral area PA. The periph-
eral area PA includes a pad area PDA to which various
electronic devices, printed circuit boards, and the like are
electrically bonded. The pad area PDA includes a test
circuit part TC that may be used to test whether images
are correctly displayed in the display area DA.

[0041] FIG. 1 exemplarily shows a substrate or the like
during a manufacturing process. In a final display appa-
ratus or an electronic apparatus such as a smartphone
including the display apparatus, a portion of the substrate
100 or the like may be bent so as to minimize the area
of the peripheral area PA that may be recognized by a
user. For example, when the peripheral area PA includes
a bending area, the bending area may be located be-
tween the pad area PDA and the display area DA. In this
case, the substrate 100 may be bent in the bending area
so that at least a part of the pad area PDA is located to
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overlap the display area DA. In this case, a bending di-
rection is set so that the pad area PDA does not cover
the display area DA, but the pad area PDA is located
behind the display area DA. In this manner, a user may
recognize that the display area DA occupies most of the
display apparatus.

[0042] The substrate 100 may be flexible or bendable.
For example, the substrate 100 may include a polymer
resin, such as polyethersulphone, polyacrylate, polyeth-
erimide, polyethylene naphthalate, polyethylene tereph-
thalate, polyphenylene sulfide, polyarylate, polyimide,
polycarbonate, or cellulose acetate propionate. Howev-
er, the inventive concepts are not limited thereto. For
example, in some embodiments, the substrate 100 may
have a multiple layer structure that includes two layers
each including the above-described polymer resin, and
a barrier layer arranged between the two layers and in-
cluding an inorganic material (e.g., silicon oxide, silicon
nitride, silicon oxynitride, etc.). Furthermore, when the
substrate 100 is not bent, the substrate 100 may include
glass or the like.

[0043] Athin-film transistor 210 is disposed on the sub-
strate 100, as shown in FIG. 5. The thin-film transistor
210 may include a semiconductor layer 211, a gate elec-
trode 213, a source electrode 215a, and a drain electrode
215b. The semiconductor layer 211 may include amor-
phous silicon, polycrystalline silicon, an oxide semicon-
ductor material, or an organic semiconductor material.
[0044] The thin-film transistor 210 includes the gate
electrode 213. The gate electrode 213 may include metal
such as molybdenum or aluminum, and may have a sin-
gle layer oramultiple layer structure. When the gate elec-
trode 213 has a multiple layer structure, the gate elec-
trode 213 may have a three-layer structure of molybde-
num/aluminum/molybdenum. In order to secure an elec-
trical insulation between the gate electrode 213 and the
semiconductor layer 211, afirst gate insulating layer 120
may be between the gate electrode 213 and the semi-
conductor layer 211. The first gate insulating layer 120
may include an inorganic material, such as silicon oxide,
silicon nitride, and/or silicon oxynitride.

[0045] The gate electrode 213 may be covered by the
second gate insulating layer 130, as shown in FIG. 5. In
some embodiments, the gate electrode 213 may be dis-
posed on the second gate insulating layer 130, rather
than being disposed between the first gate insulating lay-
er 120 and the second gate insulating layer 130. Here-
inafter, the gate electrode 213 will exemplarily be de-
scribed as being disposed between the first gate insulat-
ing layer 120 and the second gate insulating layer 130.
The second gate insulating layer 130 may also include
an inorganic material such as silicon oxide, silicon nitride,
and/or silicon oxynitride.

[0046] An interlayer insulating layer 150 may be ar-
ranged above the gate electrode 213 and the second
gate insulating layer 130. The interlayer insulating layer
150 may include an inorganic material, such as silicon
oxide, silicon nitride, and/or silicon oxynitride. The source
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electrode 215a and the drain electrode 215b of the thin-
film transistor 210 may be arranged on the interlayer in-
sulating layer 150. The source electrode 215a and the
drain electrode 215b may include metal, such as titanium,
copper, or aluminum, and may have a single layer struc-
ture or a multiple layer structure. When the source elec-
trode 215a and the drain electrode 215b have a multiple
layer structure, the source electrode 215a and the drain
electrode 215b may have a three-layer structure of tita-
nium/aluminum/titanium.

[0047] Insulating layers including an inorganic materi-
al, such as the first gate insulating layer 120, the second
gate insulating layer 130, and the interlayer insulating
layer 150, may be formed through chemical vapor dep-
osition (CVD) or atomic layer deposition (ALD).

[0048] A bufferlayer 110 may be between the thin-film
transistor 210 and the substrate 100. The buffer layer
110 may include an inorganic material, such as silicon
oxide, silicon nitride, and/or silicon oxynitride. The buffer
layer 110 may increase flatness of the upper surface of
the substrate 100, and/or may prevent or reduce the per-
meation of impurities from the substrate 100 or the like
to the semiconductor layer 211 of the thin-film transistor
210.

[0049] The display apparatus according to the illustrat-
ed embodiment includes a plurality of pads in the pad
area PDA, as shown in FIG. 2. In particular, the display
apparatus according to the illustrated embodiment in-
cludes a first pad PD1, a second pad PD2, and a third
pad PD3 in the pad area PDA. At least one of the first to
third pads PD1, PD2, and PD3 may be disposed on a
different layer. For example, the first pad PD1 may be
disposed on the first gate insulating layer 120, which may
be referred to as a first layer, as shown in FIG. 3, and
the second pad PD2 and the third pad PD3 may be dis-
posed on the second gate insulating layer 130, which
may be referred to as a second layer, as shown in FIGS.
3 and 4. In this case, the second pad PD2 is located
adjacent to the first pad PD1. More particularly, the sec-
ond pad PD2 is located in a first direction (-x direction)
from the first pad PD1. The third pad PD3 is also located
adjacent to the first pad PD1. More particularly, the third
pad PD3 is located in a second direction (-y direction)
from the first pad PD1.

[0050] The display apparatus according to the illustrat-
ed embodiment may include a plurality of pads in addition
to the first to third pads PD1 to PD3. FIG. 2 illustrates
that a fourth pad PD4 is located in the second direction
(approximately -y direction) from the third pad PD3, a
fifth pad PD5 is located in the second direction (approx-
imately -y direction) from the fourth pad PD4, and a sixth
pad PD6 is located in the second direction (approximately
-y direction) from the fifth pad PD5. The fourth pad PD4
and the sixth pad PD6 are disposed on the first gate in-
sulating layer 120 or the first layer as the first pad PD1.
The fifth pad PD5 is disposed on the second gate insu-
lating layer 130 or the second layer as the third pad PD3.
[0051] As shown FIGS. 2 and 3, a plurality of pads
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including the first pad PD1 are arranged substantially in
parallel in the first direction (-x direction). Similarly, a plu-
rality of additional pads including the second pad PD2
are arranged substantially in parallel in the first direction
(-x direction). As such, the additional pads may be dis-
posed between the pads. In this case, the pads including
the first pad PD1 are disposed on the first gate insulating
layer 120 or the first layer, and the additional pads in-
cluding the second pad PD2 are disposed on the second
gate insulating layer 130 or the second layer. In this man-
ner, the pads and the additional pads are alternately ar-
ranged in the first direction (-x direction).

[0052] A first connection line CL1 is connected to the
firstpad PD1, a second connection line CL2 is connected
to the second pad PD2, and a third connection line CL3
is connected to the third pad PD3. As the first pad PD1
is disposed on the first gate insulating layer 120 or the
first layer, the first connection line CL1 is also disposed
on the first gate insulating layer 120 or the first layer. As
the second pad PD2 is disposed on the second gate in-
sulating layer 130 or the second layer, the second con-
nection line CL2 is also disposed on the second gate
insulating layer 130 or the second layer. As the third pad
PD3 is disposed on the second gate insulating layer 130
or the second layer, the third connection line CL3 is also
disposed on the second gate insulating layer 130 or the
second layer, as shown in FIG. 3. In this case, the third
connection line CL3 passes between the first connection
line CL1 and the second connection line CL2, as shown
in FIG. 2.

[0053] A fourth connection line CL4 is connected to the
fourth pad PD4, a fifth connection line CL5 is connected
to the fifth pad PD5, and a sixth connection line CL6 is
connected to the sixth pad PD6. As the fourth pad PD4
and the sixth pad PD6 are disposed on the first gate in-
sulating layer 120 or the first layer, the fourth connection
line CL4 and the sixth connection line CL6 are also dis-
posed on the first gate insulating layer 120 or the first
layer. Because the fifth pad PD5 is disposed on the sec-
ond gate insulating layer 130 or the second layer, the
fifth connection line CL5 is also disposed on the second
gate insulating layer 130 or the second layer.

[0054] As described above, when the pads including
the first pad PD1 are arranged substantially in parallel in
the first direction (-x direction) and the additional pads
including the second pad PD2 are arranged substantially
in parallel in the first direction (-x direction), the connec-
tion lines connected to the pads, including the first con-
nection line CL1, are disposed on the first gate insulating
layer 120 or the firstlayer, and additional connection lines
connected to the additional pads, including the second
connection line CL2, are disposed on the second gate
insulating layer 130 or the second layer.

[0055] As the resolution of image displayed in the dis-
play area DA increases, the number of connection lines
for transmitting electrical signals to the display area DA
is generally increased. Also, the number of pads that cor-
respond to the connection lines and to which bumps of
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an electronic device are connected is also generally in-
creased. However, in the display apparatus according to
the illustrated embodiment, even when the number of
connection lines and the number of pads are increased,
the area of the peripheral area PA may be minimized.
More particularly, a distance between the adjacent con-
nection lines may be significantly narrowed by arranging
the adjacent connection lines on different layers from
each other. As such, even when the number of connec-
tion lines are increased, the connection lines may be lo-
cated within a narrow area while being the connection
lines are prevented from being short-circuited to each
other.

[0056] In particular, as illustrated in FIG. 3, the third
connection line CL3, the fourth connection line CL4, the
fifth connection line CL5, and the sixth connection line
CL6 are sequentially located in the first direction (-x di-
rection). The third connection line CL3 and the fifth con-
nection line CL5 are disposed on the second gate insu-
lating layer 130 or the second layer, and the fourth con-
nection line CL4 and the sixth connection line CL6 are
disposed on the first gate insulating layer 120 or the first
layer. In this manner, since adjacent connection lines are
disposed on differentlayers from each other, the adjacent
connection lines may not be electrically short-circuited
evenwhen the distance between the adjacent connection
lines decreases. As such, the total area of the peripheral
area PA may be reduced.

[0057] The inventive concepts are not limited to the
relationship between the connection lines. For example,
as illustrated in FIG. 3, the first pad PD1 is located on a
layer different from the third connection line CL3 adjacent
thereto. In particular, the first pad PD1 is disposed on the
first gate insulating layer 120 or the first layer. The third
connection line CL3 that is most adjacent to the first pad
PD1 is disposed on the second gate insulating layer 130
or the second layer, and is located in the first direction
(-x direction) from the first pad PD1. In this manner, even
when the distance between the first pad PD1 and the
third connection line CL3 decreases, the probability of
occurrence of a short-circuit therebetween is very low,
and thus, the area of the peripheral area PA may be sig-
nificantly reduced.

[0058] To this end, the second gate insulating layer
130 or the second layer may cover the first pad PD1, the
fourth connection line CL4, and the sixth connection line
CL6, which are disposed on the first gate insulating layer
120 or the first layer. As such, the third connection line
CL3, the fifth connection line CL5, and the second pad
PD2, which are disposed on the second gate insulating
layer 130 or the second layer, and the first pad PD1, the
fourth connection line CL4, and the sixth connection line
CL6, which are located below the second gate insulating
layer 130, may be reliably electrically insulated.

[0059] As illustrated in FIG. 2, the first pad PD1, the
third pad PD3, the fourth pad PD4, the fifth pad PD5, and
the sixth pad PD6 are sequentially arranged in the second
direction (approximately -y direction), and the adjacent
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pads are disposed on different layers from each other.
In particular, the first pad PD1, the fourth pad PD4, and
the sixth pad PD6 are disposed on the first gate insulating
layer 120 or the first layer, and the third pad PD3 and the
fifth pad PD5 are disposed on the second gate insulating
layer 130 or the second layer. This location relationship
may also be applied to the second pad PD2 and pads
located in the second direction (approximately -y direc-
tion) from the second pad PD2. For example, the seventh
pad PD7 that is adjacently located to the second pad
PD2 in the second direction (approximately -y direction)
may be disposed on a layer different from a layer on
which the second pad PD2 is located. More particular,
unlike the second pad PD2 disposed on the second gate
insulating layer 130 or the second layer, the seventh pad
PD7 may be disposed on the first gate insulating layer
120 or the first layer. In this manner, as illustrated in FIG.
3, the seventh connection line CL7 connected to the sev-
enth pad PD7 is disposed on the first gate insulating layer
120 and is disposed on a layer different from a layer on
which the adjacent second pad PD2 is located.

[0060] As illustrated in FIGS. 3 and 4, even the pads
are sequentially arranged in the first direction (-x direc-
tion), the adjacent pads are disposed on different layers
from each other. More particularly, the first pad PD1 is
disposed on the first gate insulating layer 120 that is the
first layer, and the second pad PD2 is disposed on the
second gate insulating layer 130 that is the second layer.
Similarly, the seventh pad PD7 is disposed on the first
gate insulating layer 120 that is the first layer, and the
third pad PD3 is disposed on the second gate insulating
layer 130 that is the second layer.

[0061] Each connection line may have substantially
the same layer structure as that of the connected pad.
This is because each connection line may be simultane-
ously formed using the same material as that of the con-
nected pad. For example, the first connection line CL1
may have substantially the same layer structure as that
of the first pad PD1, the second connection line CL2 may
have substantially the same layer structure as that of the
second pad PD2, and the third connection line CL3 may
have substantially the same layer structure as that of the
third pad PD3. For example, the first to third connection
lines CL1 to CL3 may each include metal such as mo-
lybdenum or aluminum, and may have a single layer or
a multiple layer structure. When the first to third connec-
tion lines CL1 to CL 3 have a multiple layer structure, the
gate electrode 213 may have a three-layer structure of
molybdenum/aluminum/molybdenum.

[0062] Asillustratedin FIG. 2, the first to third connec-
tion lines CL1 to CL 3 may extend in a direction towards
the display area DA (approximately +y direction). The
first to third connection lines CL1 to CL 3 may be electri-
cally connected to the corresponding data lines DL. For
example, the first connection line CL1 may be electrically
connected to a first data line DL1 of the display area DA,
the second connection line CL2 may be electrically con-
nected to a second data line DL2 of the display area DA,
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and the third connection line CL3 may be electrically con-
nected to a third data line DL3 of the display area DA. In
this case, the third data line DL3 may be located between
the first data line DL1 and the second data line DL2.
[0063] As described above, the first connection line
CL1 is disposed on the first gate insulating layer 120 that
is the first layer, and the second connection line CL2 and
the third connection line CL3 are disposed on the second
gateinsulatinglayer 130 thatis the second layer. As such,
when the first to third data lines DL1 to DL3 are disposed
on a layer other than the first gate insulating layer 120 or
the second gate insulating layer 130, the first to third data
lines DL1 to DL3 may be connected to the first to third
connection lines CL1 to CL3 via contact holes.

[0064] For example, as illustrated in FIG. 3, when the
interlayer insulating layer 150, which may be referred to
as a third layer, covers the second connection line CL2
and the third connection line CL3, the first to third data
lines DL1 to DL3 may be disposed on the interlayer in-
sulating layer 150. The first to third data lines DL1to DL3
are electrically connected to the first to third connection
lines CL1 to CL3 via contact holes formed in the interlayer
insulating layer 150. The first to third data lines DL1 to
DL3 may be simultaneously formed using the same ma-
terial as that of the source electrode 215a (see FIG. 5)
and the drain electrode 215b (see FIG. 5). As such, the
first to third data lines DL1 to DL3 may have substantially
the same layer structures as those of the source elec-
trode 215a and the drain electrode 215b. For example,
the first to third data lines DL1 to DL3 may each include
metal, such as titanium, copper, or aluminum, and may
have a single layer structure or a multiple layer structure.
When the first to third data lines DL1 to DL3 have a mul-
tiple layer structure, the first to third data lines DL1 to
DL3 may have a three-layer structure of titanium/alumi-
num/titanium.

[0065] As illustrated in FIGS. 3 and 4, auxiliary pads
may be disposed on the pads, respectively. These aux-
iliary pads may be referred to as a fourth layer and are
disposed on the interlayer insulating layer 150 covering
the second pad PD2, the third pad PD3, and the seventh
pad PD7. Contact holes may be formed in the interlayer
insulating layer 150 and/or the second gate insulating
layer 130, so that the auxiliary pads disposed on the in-
terlayer insulating layer 150 may be in contact with the
corresponding pads.

[0066] More particularly, a first auxiliary pad APD1 is
disposed on the interlayer insulating layer 150 so as to
overlap the first pad PD1 when viewed from a direction
perpendicular to the substrate 100. The first auxiliary pad
APD1 is electrically connected to the first pad PD1 via
the contact holes formed in the interlayer insulating layer
150 and the second gate insulating layer 130. A second
auxiliary pad APD2 is disposed on the interlayer insulat-
ing layer 150 so as to overlap the second pad PD2 when
viewed from a direction perpendicular to the substrate
100. The second auxiliary pad APD2 is electrically con-
nected to the second pad PD2 via the contact hole formed
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in the interlayer insulating layer 150. A third auxiliary pad
APD3 is disposed on the interlayer insulating layer 150
so as to overlap the third pad PD3 when viewed from a
direction perpendicular to the substrate 100. The third
auxiliary pad APD3 is electrically connected to the third
pad PD3 via the contact hole formed in the interlayer
insulating layer 150. A seventh auxiliary pad APD7 is
disposed on the interlayer insulating layer 150 so as to
overlap the seventh pad PD7 when viewed from a direc-
tion perpendicular to the substrate 100. The seventh aux-
iliary pad APD?7 is electrically connected to the seventh
pad PD7 via the contact holes formed in the interlayer
insulating layer 150 and the second gate insulating layer
130.

[0067] The auxiliary pads may be simultaneously
formed using the same material as that of the source
electrode 215a (see FIG. 5) and the drain electrode 215b
(see FIG. 5). As such, the first auxiliary pad APD1, the
second auxiliary pad APD2, the third auxiliary pad APD3,
and the seventh auxiliary pad APD7 may have substan-
tially the same layer structures as those of the source
electrode 215a and the drain electrode 215b. For exam-
ple, the first auxiliary pad APD1, the second auxiliary pad
APD2, the third auxiliary pad APD3, and the seventh aux-
iliary pad APD7 may each include metal, such as titani-
um, copper, or aluminum, and may have a single layer
structure or a multiple layer structure. When the first aux-
iliary pad APD1, the second auxiliary pad APD2, the third
auxiliary pad APD3, and the seventh auxiliary pad APD7
have a multiple layer structure, the first auxiliary pad
APD1, the second auxiliary pad APD2, the third auxiliary
pad APD3, and the seventh auxiliary pad APD7 may have
a three-layer structure of titanium/aluminum/titanium.
[0068] When viewed from a direction perpendicular to
the substrate 100, these auxiliary pads may overlap a
portion of the connection lines located therebelow. FIG.
3 exemplarily illustrates that, when viewed from a direc-
tion perpendicular to the substrate 100, the first auxiliary
pad APD1 overlaps the third connection line CL3, and
the second auxiliary pad APD2 overlaps the sixth con-
nection line CL6 and/or the seventh connection line CL7.
FIG. 4 exemplarily illustrates that, when viewed from a
direction perpendicular to the substrate 100, the third
auxiliary pad APD3 overlaps the fourth connection line
CL4. As such, when viewed from a direction perpendic-
ular to the substrate 100, each of the auxiliary pads may
overlap a portion of the connection line that is most ad-
jacent to the corresponding pad located therebelow. In
particular, as the distance between the pad and the con-
nection line that is most adjacent to the pad decreases
to implement a high-resolution display apparatus, the de-
gree of overlap between the auxiliary pads and the con-
nection lines therebelow may be increased.

[0069] Bumps of an electronic device, such as an in-
tegrated circuit (IC), may be electrically connected to the
auxiliary pads, as illustrated in FIGS. 3 and 4. To this
end, an anisotropic conductive film ACF may be disposed
between the auxiliary pads and the bumps. The aniso-
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tropic conductive film ACF includes an adhesive member
AD and conductive balls CB. Because the adhesive
member AD has adhesive force, the electronic device
such as the IC is bonded to the auxiliary pads or the like
on the substrate 100. In this case, the conductive balls
CB are disposed between the bumps BP1, BP2, BP3,
and BP7 of the electronic device such as the IC and the
auxiliary pads, so that the bumps BP1, BP2, BP3, and
BP7 are electrically connected to the corresponding aux-
iliary pads, respectively. Bumps BP1,BP2,BP3, and BP7
may be defined as protrusions arranged on one surface,
in particular on the bottom surface, of the integrated cir-
cuit (IC). The bumps and the IC between the bumps, in
particular the bottom surface of the IC between the
bumps, may be in contact with the anisotropic conductive
film ACF. As shown in FIG. 3 the distance between neigh-
boring bumps, e. g. between BP1 and BP2, and the dis-
tance sp between neighboring pads, e. g. between PD1
and PD2, may be the same. The bumps BP1, BP2, BP3,
and BP7 may be located directly above the pads PD1,
PD2, PD3, and PD7 and the auxiliary pads APD1, APD2,
APD3, and APD?7 in the third direction (z-direction) with
the anisotropic conductive film ACF therebetween. In this
case, the distance in the third direction (z-direction) be-
tween the bumps BP1, BP2, BP3, and BP7 and the in-
terlayer insulating layer 150 is smaller than the distance
between the bottom surface of the IC and the insulating
layer 150. Each ball CB may only electrically connected
to one bump BP1, BP2, BP3, or BP7 and one auxiliary
pad APD1, APD2, APD3, or APD7. The electrically con-
nected bump and auxiliary pad may be located in the
same plane in the third direction (z-direction).

[0070] As described above with reference to FIGS. 3
and 4, the adjacent pads among the pads that are se-
quentially arranged in the first direction (-x direction) are
disposed on different layers from each other. In this case,
the pads may include corresponding auxiliary pads dis-
posed on the interlayer insulating layer 150 that is the
third layer. As such, the bumps of the electronic device
such as the IC are located above the auxiliary pads lo-
cated at a substantially constant height from the sub-
strate 100, and thus, the electronic device such as the
IC may be stably disposed on the substrate 100.
[0071] The width of each of the connection lines, such
as the third connection line CL3, may be about 2 pm to
about 3 um. When the width of each of the connection
lines is less than 2 pum, the connection lines may be dis-
connected during a manufacturing process, and when
the width of each of the connection line is greater than 3
wm, a high-resolution image may not be implemented. A
space between the adjacent connection lines or a space
between the pad and the most adjacent connection line
may be about 0.5 pm to about 2 um. The space between
the adjacent connection lines refers to, for example, a
distance between the edge of the fifth connection line
CL5 in a direction to the fourth connection line CL4 and
the edge of the fourth connection line CL4 in a direction
to the fifth connection line CL5, when viewed from a di-
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rection perpendicular to the substrate 100. The space
between the pad and the most adjacent connection line
refers to, for example, a distance between the edge of
the first pad PD1 in a direction to the third connection line
CL3 and the edge of the third connection line CL3 in a
direction to the first pad PD1, when viewed from a direc-
tion perpendicular to the substrate 100. When the space
between the adjacent connection lines or the space be-
tween the pad and the most adjacent connection line is
less than 0.5 pm, the magnitude of a parasitic capaci-
tance generated between the adjacent connection lines
increases rapidly, and when the space is greater than 2
wm, a high-resolution image may not be implemented.
[0072] Accordingly, a distance sp between the edge of
the first pad PD1 in a direction to the second pad PD2
and the edge of the second pad PD2 in a direction to the
first pad PD1 may be about 10.5 um to about 22 pm.
This is because there may be 4 connection lines between
the first pad PD1 and the second pad PD2 along the first
direction (-x direction) as shown in FIG. 3, thus forming
a minimum value of the distance sp of 10.5 pm (=2 um
x4 + 0.5 um x 5), and a maximum value of the distance
spof22 um (=3 pum x4 + 2 pm x 5).

[0073] The width wd of the pads in the first direction
(-x direction) may be about 6 pum to about 25.5 pm. When
the resolution in the display area DA is 500 PP, the pitch
p of the pads in the first direction (-x direction) is about
23 pm. In order to implement such a high-resolution dis-
play apparatus, the distance sp between the edge of the
first pad PD1 in a direction to the second pad PD2 and
the edge of the second pad PD2 in a direction to the first
pad PD1 may be about 10.5 pm to about 15 pum. This is
because when the display apparatus is a high-resolution
display apparatus, the maximum value of the distance
sp is limited to 15 wm, which is less than 22 um. When
the distance sp is 10.5 um, the width of the pads is 12.5
pm (= 23 wm - 10.5 um) derived from the difference be-
tween the pitch p of the pads and the distance sp. When
the distance sp is 15 uwm, the width of the pads is 8 um
(= 23 pm - 15 um). Accordingly, when the resolution in
the display area DA is 500 PPI, the width wd of the pads
is about 8 um to about 12.5 um. For similar reasons,
when the resolution in the display area DA is 400 PPI,
the pitch p of the pads in the first direction (-x direction)
is about 28 uwm and the distance sp is about 10.5 pm to
about 22 um, and thus, the width wd of the pads is about
6 wmto about 17.5 um. When the resolution in the display
area DA is 300 PPI, the pitch p of the pads in the first
direction (-x direction) is about 36 pwm and the distance
sp is about 10.5 pum to about 22 um, and thus, the width
wd of the pads is about 14 um to about 25.5 pm. Accord-
ingly, the width of the pads is about 6 pm to about 25.5
pm.

[0074] Signals applied to the pads are transmitted to
the data lines through the connection lines, so that the
pixels in the display area DA emit light having luminance
corresponding to the signals. A display elementis located
in the display area DA. For example, as illustrated in FIG.
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5, an organic light-emitting device 310 may be located in
the display area DA. The organic light-emitting device
310 may be disposed on a planarization layer 170 cov-
ering the source electrode 215a and the drain electrode
215b. The planarization layer 170 may planarize sub-
stantially the entire upper portion of the thin-film transistor
210. The planarization layer 170 may include, for exam-
ple, an organic material such as acryl, benzocyclobutene
(BCB), or hexamethyldisiloxane (HMDSO). FIG. 5 exem-
plarily illustrates that the planarization layer 170 has a
single layer, but the inventive concepts are not limited
thereto. For example, in another embodiment, the
planarization layer 170 may have multiple layers. When
the display element is the organic light-emitting device
310, the display element may include a pixel electrode
311, an opposite electrode 315, and an intermediate lay-
er 313 located therebetween and including an emission
layer.

[0075] As illustrated in FIG. 5, the pixel electrode 311
may be in contact with one of the source electrode 215a
and the drain electrode 215b via an opening formed in
the planarization layer 170 or the like, and may be elec-
trically connected to the thin-film transistor 210. The pixel
electrode 311 includes a light-transmitting conductive
layerincluding a light-transmitting conductive oxide, such
as ITO, In,O5 or IZO, and a reflective layer including a
metal, such as Al or Ag. For example, the pixel electrode
311 may have a three-layer structure of ITO/Ag/ITO.
[0076] A pixel defining layer 175 may be arranged
above the planarization layer 170. The pixel defining lay-
er 175 may include an opening corresponding to each
sub-pixel, that is, an opening exposing a central portion
of atleastthe pixel electrode 311, thereby defining a pixel.
Also, as illustrated in FIG. 5, the pixel defining layer 175
increases a distance between the edge of the pixel elec-
trode 311 and the opposite electrode 315 above the pixel
electrode 311, thereby preventing arcs or the like from
occurring at the edge of the pixel electrode 311. The pixel
defining layer 175 may include, for example, an organic
material, such as polyimide or hexamethyldisiloxane
(HMDSO).

[0077] The intermediate layer 313 of the organic light-
emitting device 310 may include a low molecular weight
material or a high molecular weight material. When the
intermediate layer 313 includes a low molecular weight
material, the intermediate layer 313 may have a structure
in which a hole injection layer (HIL), a hole transport layer
(HTL), an emission layer (EML), an electron transport
layer (ETL), and an electron injection layer (EIL) are
stacked in a single or multiple structure. The intermediate
layer 313 may be formed by vacuum deposition. When
the intermediate layer 313 includes a high molecular
weight material, the intermediate layer 313 may have a
structure including an HTL and an EML. In this case, the
HTL may include poly(3,4-ethylenedioxythiophene) (PE-
DOT), and the EML may include a high molecular weight
material such as a poly-phenylenevinylene (PPV)-based
polymer and a polyfluorene-based polymer. The inter-
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mediate layer 313 may be formed by screen printing,
inkjet printing, or laser induced thermal image (LITI).
However, the inventive concepts are not limited thereto,
and may have various structures. For example, in some
embodiments, the intermediate layer 313 may include an
integrated layer throughout the pixel electrodes 311, or
may include layers patterned to correspond to the pixel
electrodes 311.

[0078] The opposite electrode 315 may be arranged
above the display area DA and cover the display area
DA. In particular, the opposite electrode 315 may be in-
tegrally formed with respect to the organic light-emitting
devices 310 and may correspond to the pixel electrodes
311. The opposite electrode 315 may include a light-
transmitting conductive layer such as ITO, In,O3, or IZO,
and may also include a semi-transmissive layerincluding
metal such as Al or Ag. For example, the opposite elec-
trode 315 may include a semi-transmissive layer includ-
ing Mg/Ag.

[0079] Because the organic light-emitting device 310
may be easily damaged by external moisture or oxygen,
an encapsulation layer may cover the organic light-emit-
ting device to protect the organic light-emitting device
310. The encapsulation layer may cover the display area
DA and extend to at least a portion of the peripheral area
PA. The encapsulation layer may include a firstinorganic
encapsulation layer, an organic encapsulation layer, and
a second inorganic encapsulation layer.

[0080] As illustrated in FIG. 2, a first test line TL1 is
connected to the first pad PD1, a second test line TL2 is
connected to the second pad PD2, and a third test line
TL3 is connected to the third pad PD3. As the first pad
PD1 is disposed on the first gate insulating layer 120 that
is the first layer, the first test line TL1 may also be dis-
posed on the first gate insulating layer 120 that is the first
layer, as illustrated in FIG. 4. As the second pad PD2 is
disposed on the second gate insulating layer 130 that is
the second layer, the second test line TL2 may also be
disposed on the second gate insulating layer 130 that is
the second layer, as illustrated in FIG. 4. In addition, as
the third pad PD3 is disposed on the second gate insu-
lating layer 130 that is the second layer, the third test line
TL3 may also be disposed on the second gate insulating
layer 130 that is the second layer. In this case, the third
test line TL3 is disposed between the first test line TL1
and the second test line TL2, as illustrated in FIG. 2.
[0081] A fourth test line TL4 is connected to the fourth
pad PD4, a fifth test line TL5 is connected to the fifth pad
PD5, and a sixth test line TL6 is connected to the sixth
pad PD6. As the fourth pad PD4 and the sixth pad PD6
are disposed on the first gate insulating layer 120 that is
the first layer, the fourth test line TL4 and the sixth test
line TL6 may also be disposed on the first gate insulating
layer 120 that is the first layer. In addition, as the fifth pad
PD5 is disposed on the second gate insulating layer 130
that is the second layer, the fifth test line TL5 may also
be disposed on the second gate insulating layer 130 that
is the second layer.
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[0082] Eachofthe testlinesextendsina direction away
from the display area DA (approximately -y direction) and
is electrically connected to a corresponding test transis-
tor. This will be described in more detail later below.
[0083] As the resolution of image displayed in the dis-
play area DA increases, the number of connection lines
for transmitting electrical signals to the display area DA
may be increased. As such, the number of test lines cor-
responding to the connection lines may also be generally
increased. However, in the display apparatus according
to the illustrated embodiment, the area of the peripheral
area PA may be minimized even when the number of
test lines increases. More particularly, a distance be-
tween the adjacent test lines may be significantly nar-
rowed by arranging the adjacent test lines on different
layers from each other. In this manner, even when the
number of testlines may be increased, the test lines may
be located within a narrow area while being prevented
from being short-circuited with each other.

[0084] Inparticular, asillustrated in FIG. 2, the first test
line TL1, the third test line TL3, the fourth test line TL4,
the fifth test line TL5, and the sixth test line TL6 are se-
quentially arranged in the first direction (-x direction). The
third test line TL3 and the fifth test line TL5 are disposed
on the second gate insulating layer 130 that is the second
layer, and the first test line TL1, the fourth test line TL4,
and the sixth test line TL6 are disposed on the first gate
insulating layer 120 that is the first layer. Since the adja-
cent testlines are disposed on different layers from each
other, the adjacent testlines may not be electrically short-
circuited even when the distance between the adjacent
test lines decreases. In this manner, the total area of the
peripheral area PA may be reduced.

[0085] This configuration is not limited to the relation-
ship between the test lines. In particular, as illustrated in
FIG. 4, the third pad PD3 is located in a layer different
from the first testline TL1 that is located adjacent thereto.
In addition, the third pad PD3 is disposed on the second
gate insulating layer 130 that is the second layer, and is
located in a direction (+x direction) opposite to the first
direction from the third pad PD3. The first test line TL1
that is most adjacent to the third pad PD3 is disposed on
the first gate insulating layer 120 that is the first layer. As
such, even when the distance between the third pad PD3
and the first test line TL1 may be decreased, the proba-
bility of occurrence of a short-circuit therebetween be-
comes very low, and thus, the area of the peripheral area
PA may be significantly reduced.

[0086] As illustrated in FIG. 4, the second gate insu-
lating layer 130 that is the second layer may cover the
first test line TL1 disposed on the first gate insulating
layer 120 that is the first layer. As such, the third pad PD3
or the like, which is disposed on the second gate insu-
lating layer 130 that is the second layer, and the first test
line TL1 or the like, which is located below the second
gate insulating layer 130, may be reliably electrically in-
sulated.

[0087] Each testline may have substantially the same
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layer structure as that of the connected pad. This is be-
cause each test line may be simultaneously formed using
the same material as that of the connected pad. For ex-
ample, the first test line TL1 may have substantially the
same layer structure as that of the first pad PD1, the
second test line TL2 may have substantially the same
layer structure as that of the second pad PD2, and the
third test line TL3 may have substantially the same layer
structure as that of the third pad PD3. For example, the
first to third test lines TL1 to TL3 may each include metal
such as molybdenum or aluminum, and may have a sin-
gle layer or a multiple layer structure. When the first to
third test lines TL1 to TL3 have a multiple layer structure,
the gate electrode 213 may have a three-layer structure
of molybdenum/aluminum/molybdenum.

[0088] Asillustrated in FIG. 2, the first to third testlines
TL1 to TL3 may extend in a direction (approximately -y
direction) opposite to the direction of the display area DA,
and may be electrically connected to the test circuit part
TC. FIG. 6 is a schematic circuit diagram of a test circuit
located in the test circuit part TC of FIG. 1 according to
an embodiment.

[0089] As illustrated in FIG. 6, gate electrodes of test
thin-film transistors TT are electrically connected to each
other by a test gate line TGL. As such, when an electrical
signal is applied to the test gate line TGL, the test thin-
film transistors TT are simultaneously turned on. An elec-
trical signal from afirst test signal line TSL1 is transmitted
to the corresponding datalines through the test lines TL2,
TL6, TL3, and TL1, and the pads and the connection
lines connected thereto. Accordingly, the pixels in the
display area DA, which are electrically connected to the
data lines, may emit light. In the manner, whether the
pixelsin the display area DA are defective may be tested.
Similarly, an electrical signal from a second test signal
line TSL2 is transmitted to the corresponding data lines
through the test lines TL5 and TL4, and the pads and the
connection lines connected thereto. Accordingly, the pix-
elsin the display area DA, which are electrically connect-
ed to the data lines, may emitlight. In this manner, wheth-
er the pixels in the display area DA are defective may be
tested. In some embodiments, the first test signal line
TSL1 and the second test signal line TSL2 may be inte-
grally formed with each other.

[0090] FIG. 7 is a schematic plan view of a portion of
the test circuit part TC of FIG. 1 according to an embod-
iment. FIG. 8 is a schematic cross-sectional view taken
along line VIII-VIII of the display apparatus of FIG. 7 ac-
cording to an embodiment, FIG. 9 is a schematic cross-
sectional view taken along line IX-IX of the display ap-
paratus of FIG. 7 according to an embodiment, and FIG.
10 is a schematic cross-sectional view taken along line
X-X of the display apparatus of FIG. 7 according to an
embodiment.

[0091] Asillustrated in FIG. 8, the first to sixth testlines
TL1 to TL6 are arranged on the first gate insulating layer
120 or the second gate insulating layer 130. As illustrated
in FIG. 7, the first to sixth test lines TL1 to TL6 are elec-
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trically connected to one end of the semiconductor layer
SC of the test thin-film transistor TT through first bridge
lines BR1.

[0092] Thefirstbridge line BR1 may function as a drain
electrode ofthe testthin-film transistor TT. The first bridge
line BR1 may be disposed on the interlayer insulating
layer 150 that is the third layer covering the second test
line TL2, the third test line TL3, and the fifth test line TL5.
The first bridge line BR1 may be simultaneously formed
using the same material as that of the source electrode
215a and the drain electrode 215b described above with
reference to FIG. 5. In particular, the first bridge line BR1
may have substantially the same layer structure as that
of the auxiliary pad described above with reference to
FIGS. 3 and 4.

[0093] The otherend of each of the semiconductor lay-
ers SC of some test thin-film transistors TT may be di-
rectly connected to the first test signal line TSL1. For
example, as illustrated in FIG. 9, the other end of the
semiconductor layer SC having one end electrically con-
nected to the first test line TL1 may be connected to the
first test signal line TSL1 via a contact hole. The first test
signal line TSL1 may be disposed on the interlayer insu-
lating layer 150 that is the third layer, and may be simul-
taneously formed using the same material as that of the
source electrode 215a and the drain electrode 215b de-
scribed above with reference to FIG. 5. As such, the first
test signal line TSL1 may have substantially the same
layer structure as that of the auxiliary pad described
above with reference to FIGS. 3 and 4.

[0094] The otherend of each of the semiconductor lay-
ers SC of some test thin-film transistors TT may be elec-
trically connected to the second test signal line TSL2
through a second bridge line BR2 and a third bridge line
BR3. Forexample, as illustrated in FIG. 10, the other end
ofthe semiconductor layer SC having one end electrically
connected to the fifth test line TL5 may be electrically
connected to the second bridge line BR2 disposed on
the interlayer insulating layer 150 that is the third layer
via a contact hole. The second bridge line BR2 may be
connected to the third bridge line BR3 located below the
interlayer insulating layer 150 via a contact hole. The
third bridge line BR3 may pass under the first test signal
line TSL1 and extend under the second test signal line
TSL2. The second test signal line TSL2 may be connect-
ed to the third bridge line BR3 via a contact hole formed
in the interlayer insulating layer 150 or the like.

[0095] The second bridge line BR2 and the second test
signal line TSL2 may be disposed on the interlayer insu-
lating layer 150 that is the third layer, and may be simul-
taneously formed using the same material as that of the
source electrode 215a and the drain electrode 215b de-
scribed above with reference to FIG. 5. As such, the sec-
ond bridge line BR2 and the second test signal line TSL2
may have substantially the same layer structure as that
of the auxiliary pad described above with reference to
FIGS. 3 and 4. As illustrated in FIG. 10, the third bridge
line BR3 may be disposed on the second gate insulating
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layer 130. In this case, the third bridge line BR3 may
include the same material as that of the fifth test line TL5
and may have substantially the same layer structure as
that of the fifth test line TL5. However, the inventive con-
cepts are not limited thereto. For example, in some em-
bodiments, the third bridge line BR3 may be disposed
between thefirstgate insulating layer 120 and the second
gate insulating layer 130, and may be connected to the
second test signal line TSL2 via contact holes formed in
the second gate insulating layer 130 and the interlayer
insulating layer 150. In this case, the third bridge line BR3
may include the same material as that of the first pad
PD1 (see FIG. 3) and may have substantially the same
layer structure as that of the first pad PD1.

[0096] The testgate line TGL extends in the first direc-
tion (-x direction) to pass over the semiconductor layers
SC of the test thin-film transistors TT. In the test gate line
TGL, portions overlapping the semiconductor layers SC
of the test thin-film transistors TT may function as the
gate electrodes of the test thin-film transistors TT. As the
test gate line TGL is disposed on the first gate insulating
layer 120, the test gate line TGL may also include the
same material as that of the first pad PD1 disposed on
the first gate insulating layer 120 and may have substan-
tially the same layer structure as that of the first pad PD1.
[0097] As described above with reference to FIG. 2,
the first test line TL1, the second test line TL2, the third
test line TL3, the fourth test line TL4, the fifth test line
TL5, and the sixth test line TL6 are sequentially located
in the first direction (-x direction). As illustrated in FIG. 8,
the second test line TL2, the third test line TL3, and the
fifth test line TL5 are disposed on the second gate insu-
lating layer 130 that is the second layer, and the first test
line TL1, the fourth test line TL4, and the sixth test line
TL6 are disposed on the first gate insulating layer 120
that is the first layer. As such, since the adjacent test
lines are disposed on different layers from each other,
the adjacent test lines may not be electrically short-
circuited even when the distance between the adjacent
test lines decreases. In this manner, the total area of the
peripheral area PA may be reduced while the display
apparatus is capable of displaying the high-resolution im-
age.

[0098] In general, the test for defects of the display
elements in the display area DA using the test thin-film
transistor TT is performed during the manufacturing proc-
ess. When the manufacture of a display apparatus is
completed, the test thin-film transistors TT are turned off.
For example, when the test thin-film transistors TT are
p-type thin-film transistors, the test thin-film transistors
TT are turned off by applyinga VGH bias voltage (positive
bias voltage) to the test gate line TGL. In this manner,
signals from the electronic device such as the IC may be
applied to the data lines through the pads and the con-
nection lines.

[0099] According to embodiments, the display appa-
ratus is capable of displaying the high-resolution image
while having a reduced peripheral area.
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Claims

1.

A display apparatus comprising:

a substrate (100) comprising a display area (DA)
and a peripheral (PA) area outside the display
area (DA);

a first pad (PD1) disposed on a first layer in the
peripheral area (PA);

a second pad (PD2) disposed adjacently to the
firstpad (PD1) in afirst direction in the peripheral
area (PA), the second pad (PD2) being disposed
on a second layer different from the first layer;

a third pad (PD3) disposed adjacently to the first
pad (PD1)in asecond direction in the peripheral
area (PA), the third pad (PD3) being disposed
on the second layer;

afirst connection line (CL1) disposed on the first
layer and connected to the first pad (PD1);

a second connection line (CL2) disposed on the
second layer and connected to the second pad
(PD2); and

a third connection line (CL3) disposed on the
second layer, connected to the third pad (PD3),
and disposed between the first connection line
(CL1) and the second connection line (CL2).

The display apparatus of claim 1, wherein the second
layer covers the first pad (PD1).

The display apparatus of claim 1 or 2, wherein the
first connection line (CL1) and the first pad (PD1)
comprise the same layer structure, the second con-
nection line (CL2) and the second pad (PD2) com-
prise the same layer structure, and the third connec-
tion line (CL3) and the third pad (PD3) comprise the
same layer structure.

The display apparatus of at least one of claims 1 to
3, wherein the first, second, and third connection
lines (CL1, CL2, CL3) extend in a direction towards
the display area (DA).

The display apparatus of at least one of claims 1 to
4, wherein the first connection line (CL1) is electri-
cally connected to a first data line (DL1) over the
display area (DA), the second connection line (CL2)
is electrically connected to a second data line (DL2)
over the display area (DA), and the third connection
line (CL3) s electrically connected to a third data line
(DL3) over the display area (DA).

The display apparatus of claim 5, wherein the third
data line (DL3) is disposed between the first data
line (DL1) and the second data line (DL2).

The display apparatus of at least one of claims 1 to
7, further comprising:
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a first test line (TL1) disposed on the first layer
and connected to the first pad (PD1);

asecond test line (TL2) disposed on the second
layer and connected to the second pad (PD2);
and

a third test line (TL3) disposed on the second
layer, connected to the third pad (PD3), and dis-
posed between the first test line (TL1) and the
second test line (TL2).

Thedisplay apparatus of claim 7, wherein the second
layer covers the first test line (TL1).

The display apparatus of claim 7 or 8, wherein the
first test line (TL1) and the first pad (PD1) comprise
the same layer structure, the second test line (TL2)
and the second pad (PD2) comprise the same layer
structure, and the third test line (TL3) and the third
pad (PD3) comprise the same layer structure.

The display apparatus of at least one of claims 7 to
9, wherein the first, second, and third test lines (TL1,
TL2, TL3) extend in a direction away from the display
area (DA).

The display apparatus of at least one of claims 7 to
10, wherein each of the first, second, and third test
lines (TL1, TL2, TL3) is electrically connected to a
corresponding test transistor (TT), respectively.

The display apparatus of at least one of claims 7 to
10, further comprising bridge lines (BR1, BR2, BR3)
electrically connecting the first, second, and third test
lines (TL1, TL2, TL3) to corresponding test transis-
tors (TT), respectively.

The display apparatus of claim 12, wherein the
bridge lines (BR1, BR2, BR3) are disposed on a third
layer covering the second testline (TL2) and the third
test line (TL3).

The display apparatus of at least one of claims 1 to
13, wherein a distance between an edge of the first
pad (PD1) in a direction to the second pad (PD2)
and an edge of the second pad (PD2) in a direction
to the first pad (PD1) is about 10.5 pum to about 22
pm.

The display apparatus of at least one of claims 1 to
14, wherein awidth of the first pad (PD1)in adirection
to the second pad (PD2) is about 6 .m to about 25.5
pm.

The display apparatus of at least one of claims 1 to
15, wherein a width of each of the first to third con-

nectionlines (CL1, CL2)isabout2 pm to about3 pum.

The display apparatus of at least one of claims 1 to
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16, further comprising:

a third layer covering the second pad (PD2) and
the third pad (PD3);

afirstauxiliary pad (APD1) disposed on the third
layer, overlapping the first pad (PD1) in a plan
view, and electrically connected to the first pad
(PD1);

a second auxiliary pad (APD2) disposed on the
third layer, overlapping the second pad (PD2) in
a plan view, and electrically connected to the
second pad (PD2); and

a third auxiliary pad (APD3) disposed on the
third layer, overlapping the third pad (PD3) in a
plan view, and electrically connected to the third
pad (PD3).

18. The display apparatus of claim 17, wherein the first

auxiliary pad (APD1) overlaps the third connection
line (CL3) in a plan view.

19. A display apparatus comprising:

a substrate (100) comprising a display area (DA)
and a peripheral area (PA) outside the display
area (DA);

a plurality of pads (PD1-PD7) disposed on a first
layer in the peripheral area (PA) and arranged
substantially in parallel with each other in a first
direction;

a plurality of auxiliary pads (APD1-APD7) dis-
posed on a second layer different from the first
layer in the peripheral area (PA), arranged sub-
stantially in parallel with each other in the first
direction, and interposed between the plurality
of pads (PD-PD7);

connection lines (CL1-CL7) disposed on the first
layer and connected to the pads (PD1PD7); and
auxiliary connection lines disposed on the sec-
ond layer and connected to the auxiliary pads
(APD1-APD?7).

20. The display apparatus of claim 19, wherein the pads

(PD1-PD7) and the auxiliary pads (APD1-APD7) are
alternately arranged in the first direction.
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